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©  Coupling  mechanism. 

©  A  mechanism  for  clamping  a  tool  (e.g.  a  probe) 
and  a  shank  together  comprises  a  clamping  pin 
(144),  which  bears  against  an  annular  lip  (142)  in  the 
rear  face  of  the  probe.  A  shaft  (148)  of  the  pin  (144) 
extends  into  the  shank  (150),  and  two  diametrically 
opposite,  radially  extending  clamping  bolts  (160) 
supported  by  the  shank  (150),  bear  against  a  frusto- 
conical  clamping  surface  (158).  The  action  of  the 
bolts  (160)  on  the  surfaces  (158)  urges  the  probe 
and  shank  together.  The  probe  and  shank  are  ad- 
justed  laterally  relative  to  each  other  by  four  adjust- 
ing  bolts  (166)  supported  in  the  annular  lip  (142) 

CM  which  bear  against  a  flange  (152).  The  flange  (152) 
^ i s   provided  on  the  shank  (150)  and  extends  into  the 
(Sj  probe  (140). 
^»  
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COUPLING  MECHANISM 

The  present  invention  relates  to  a  coupling 
mechanism",  which  may  be  used  for  example,  in 
coupling  a  tool  to  a  shank  for  supporting  the  tool  in 
a  head  of  a  coordinate  positioning  machine,  e.g.  a 
machine  tool  or  coordinate  measuring  machine. 

It  is  known  to  releasably  couple  a  tool  such  as 
a  probe  or  cutting  tool  (eg.  a  boring  bar)  to  a 
shank,  which  supports  the  tool  in  a  machine  tool. 
This  enables  replacement  of  a  faulty,  worn,  or 
broken  boring  bar  for  example  without  replacement 
of  the  shank  as  well,  and  thus  is  more  cost  effec- 
tive.  However,  releasable  coupling  mechanisms 
have  the  disadvantage  that,  during  coupling  the 
axis  of  the  tool  may  be  displaced  by  a  small 
distance  from  the  axis  of  the  shank  as  a  result  of 
lateral  forces  in  the  coupling  mechanism.  This 
source  of  error  is  undesirable,  and  particularly  so 
where  the  device  to  be  coupled  to  the  machine  is  a 
touch  or  other  probe. 

It  is  knwon,  for  example  from  EP  0125529,  to 
fix  a  tool  holder  to  the  spindle  of  a  machine  tool,  by 
mounting  a  clamping  pin  having  a  conical  recess  at 
one  end  in  a  transverse  bore  provided  in  a  shaft  on 
the  tool  holder.  The  shaft  (and  clamping  pin)  are 
then  inserted  into  a  bore  in  the  spindle,  and  a 
clamping  screw  extending  radially  into  the  bore  is 
brought  into  engagement  with  the  conical  recess, 
to  urge  the  tool  holder  and  spindle  against  each 
other.  It  is  also  known,  from  US  4776734  to  attach 
a  tool  holder  to  a  spindle  fixture  by  axially  extend- 
ing  screws.  The  axial  alignment  of  the  spindle 
fixture  and  tool  holder  is  adjusted  by  a  radially 
extending  screw,  carried  in  a  rotatable  ring  pro- 
vided  on  the  spindle  fixture,  which  bears  against 
the  tool  holder. 

The  present  invention  provides  a  mechanism 
for  clamping  a  tool  and  a  shank  together,  the  shank 
having  an  axis,  the  mechanism  comprising: 
claiming  means  having: 
a)  means  provided  on  one  of  the  tool  and  shank  for 
applying  a  force,  radial  with  respect  to  the  axis  of 
the  shank,  on  the  other  of  the  tool  and  shank; 
b)  means  provided  on  the  other  of  the  tool  and 
shank,  and  operable  by  the  radial  force  for  produc- 
ing  a  clamping  force  parallel  to  the  axis  to  clamp 
the  tool  and  shank  together;  and 
adjusting  means,  distinct  from  the  clamping  means 
provided  on  one  of  the  tool  and  the  shank  for 
aligning  the  two  parts  relative  to  each  other  trans- 
verse  to  said  axis. 

A  second  aspect  of  the  present  invention  pro- 
vides  a  coupling  mechanism  for  first  and  second 
parts  of  a  tool  comprising: 
a  projection  provided  on  the  first  part  and  a  recess 
provided  on  the  second  part  for  receiving  the  pro- 

jection; 
clamping  means  provided  in  the  body  of  the  sec- 
ond  part  for  applying  a  force  to  the  projection; 
means  provided  on  the  projection  for  causing  the 

5  force  to  urge  the  first  and  second  parts  together, 
thereby  providing  a  resultant  clamping  force  for  the 
first  and  second  parts;  and 
adjusting  means,  distinct  from  said  clamping 
means  and  provided  in  the  body  of  the  second 

10  part,  for  applying  an  adjusting  force  to  the  projec- 
tion  in  a  direction  substantially  perpendicular  to  the 
resultant  clamping  force. 

Embodiments  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  and  with  reference  to 

75  the  accompanying  drawings  in  which: 
Fig  1  shows  a  perspective  view  of  a  touch 

probe  attached  to  a  shank; 
Fig  2  shows  a  section  through  a  first  em- 

bodiment  of  coupling  mechanism  according  to  the 
20  present  invention; 

Fig  3  shows  a  section  through  a  second 
embodiment  of  coupling  mechanism  according  to 
the  present  invention; 

Fig  4  shows  a  section  through  a  third  type  of 
25  coupling  mechanism  according  to  the  present  in- 

vention;  and 
Fig  5  shows  a  section  through  the  preferred 

coupling  mechanism  of  the  present  invention. 
Referring  to  Figs  1  and  2,  a  touch  probe  10 

30  carries  a  stylus  6  which  terminates  in  a  spherical 
measuring  tip  8  for  contacting  a  workpiece.  The 
probe  1  0  is  releasably  coupled  to  a  shank  1  2  which 
supports  the  probe  in  a  head  of  a  machine  tool  (not 
shown).  The  probe  10  has  a  cylindrical  housing  14 

35  which  terminates  at  the  end  of  the  probe  adjacent 
the  shank  in  a  radially  extending  annular  lip  16 
having  an  axially  extending  flange  18  defining  an 
aperture  20.  The  end  of  the  shank  1  2  adjacent  the 
probe  has  a  radially  extending  annular  wall  22, 

40  which  defines  an  aperture  23  and,  (when  the  probe 
and  shank  are  coupled  together)  receives  the 
flange  18  with  a  clearance  therebetween. 

The  probe  10  and  shank  12  are  coupled  by 
means  of  a  clamping  mechanism  which  comprises 

45  clamping  pin  24,  having  a  head  26  and  a  shaft  28. 
The  pin  24  is  movably  engaged  with  the  probe  10 
by  the  head  26  which  lies  inside  the  probe  housing 
1  4  and  bears  against  the  lip  1  6.  The  shaft  28  of  the 
bolt  projects  through  the  aperture  20  into  a  cylin- 

50  drical  bore  30  in  the  shank  12.  The  cylindrical  bore 
lies  coaxially  with  the  axis  A  of  the  shank  12.  The 
shaft  28  of  the  bolt  has  a  diametric  bore  32,  and  a 
substantially  cylindrical  clamping  element  34  is 
supported  in  the  bore  32  for  radial  movement  with 
respect  to  the  axis  A.  The  clamping  element  34  is 
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Drovided  with  a  circumferential  channel  36,  and  a 
sail  bearing  38  embedded  in  the  surface  of  the 
Dore  32  rests  in  the  annular  space  defined  by  the 
iurface  of  the  bore  32  and  the  channel  36,  thereby 
:o  retain  the  clamping  element  34  within  the  bore 
32.  The  clamping  element  34  has,  at  one  end,  an 
Dutwardly  projecting  conical  clamping  surface  40, 
and  at  the  other  end  an  inwardly  projecting  conical 
damping  surface  42.  The  surface  40  engages  an 
nwardly  projecting  conical  surface  44  in  the  end  of 
a  fixed  clamping  bolt  46  which  lies  in  a  diamet- 
ically  extending  screw  threaded  bore  48  in  the 
Dody  of  the  shank  12.  Moveable  clamping  bolt  50 
also  lies  in  the  screw  threaded  bore  48,  and  has  an 
Dutwardly  projecting  conical  surface  52  which  en- 
gages  the  inwardly  projecting  surface  42  of  the 
slement  34.  The  axis  B  of  the  element  34  lies 
:loser  to  the  wall  16  of  the  probe  10,  than  the  axis 
C  of  the  moveable  clamping  bolt. 

To  clamp  the  probe  10  and  shank  12  together, 
the  moveable  clamping  bolt  50  is  driven  down  the 
bore  48  toward  the  axis  A  of  the  shank  12,  until  the 
outwardly  projecting  surface  52  of  the  clamping 
bolt  50  comes  into  contact  with  the  inwardly  projec- 
ting  conical  surface  42  of  the  clamping  element  34. 
Initially,  the  element  34  will  be  driven  diametrically 
toward  the  fixed  clamping  bolt  46.  However,  once 
clamping  bolt  46  has  arrested  the  diametric  move- 
ment  of  element  34,  the  action  of  outwardly  projec- 
ting  conical  surface  52  on  the  inwardly  projecting 
conical  surface  42  will  result  in  an  axial  force  acting 
on  the  shaft  28  of  the  pin  24  in  the  direction  of 
shank  12.  This  will  force  the  head  26  against  the 
inner  surface  of  lip  16,  and  will  clamp  the  probe 
and  shank  together. 

Four  adjusting  bolts  54  are  supported  by  the 
shank  and  project  radially  through  screw  threaded 
bores  56  in  the  annular  wall  22.  The  bolts  54  bear 
against  the  outside  of  the  flange  18,  and  adjust- 
ment  of  these  bolts  54  causes  movement  of  the 
probe  housing  14  relative  to  the  shank  12  in  a 
plane  substantially  orthogonal  to  the  axis  A.  (The 
flange  18  thus  provides  a  shaft  fixedly  engaged 
with  the  probe  against  which  the  adjusting  bolts 
may  bear).  When  clamping  the  probe  1  0  and  shank 
12  together,  the  preferred  procedure  is  to  tighten 
moveable  clamping  bolt  50  until  the  clamping  pin 
24  retains  the  probe  10  and  shank  12  together  with 
a  pre-determined  force,  which  is  not  sufficiently 
large  to  prevent  relative  lateral  movement  of  probe 
10  and  shank  12,  the  relative  position  of  the  probe 
and  shank  12  is  then  adjusted  with  adjusting  bolts 
54,  until  the  centre  of  the  measuring  tip  8  lies  on 
the  shank  axis  A.  The  adjustable  clamping  screw 
50  is  then  tightened  further  until  the  probe  10  and 
shank  12  are  retained  together  with  the  desired 
force. 

A  second  embodiment  of  clamping  assembly 

will  now  be  described  with  reference  to  rig  j.  a  
shank  60  has  a  shaft  62  formed  integrally  with  the 
shank  at  one  end.  A  substantially  cylindrical  probe 
body  68  terminates  at  one  end  in  an  annular  flange 

5  70,  defining  an  axial  bore  72.  When  the  shank  and 
probe  body  are  engaged  the  shaft  62  projects  into 
the  bore  72. 

As  with  the  first  embodiment,  fixed  and  movea- 
ble  clamping  bolts  74  and  76  respectively,  lie  in 

w  screw  threaded  bores  77  and  78  respectively.  A 
clamping  element  80  is  supported  in  a  diametric 
bore  in  the  shaft  62  for  radial  movement  relative  to 
the  shaft  62,  and  one  end  of  the  clamping  element 
80  has  an  outwardly  projecting  wedge  82  having 

75  two  inclined  plane  faces  83  which  engage  cor- 
responding  inwardly  projecting  plane  surfaces  84  in 
the  end  of  fixed  clamping  bolt  74.  The  other  end  of 
clamping  element  80  terminates  in  an  inclined 
planar  surface  88.  Moveable  clamping  bolt  76  has 

20  an  outwardly  projecting  conical  surface  90,  which, 
as  the  bolt  76  is  driven  inwardly  down  the  bore  80, 
engages  the  surface  88.  As  described  previously, 
the  clamping  element  80  will  initially  move  radially 
relative  to  the  axis  of  shaft  62  until  its  motion  has 

35  been  arrested  by  virtue  of  its  engagement  with 
fixed  clamping  bolt  74.  At  this  point,  the  action  of 
moveable  clamping  bolt  76  on  inclined  surface  88 
will  draw  the  shaft  62  into  the  bore  72,  thereby 
clamping  the  shank  60  and  the  probe  body  to- 

30  gether. 
In  order  to  damp  any  vibration  between  the 

shank  60  and  the  probe  body  68,  a  spring  mecha- 
nism  92  is  provided.  The  mechanism  92  comprises 
a  supporting  ring  94  which  lies  around  the  circum- 

35  ference  of  shaft  62,  and  a  belville  washer  96  at- 
tached  to  the  supporting  ring  94.  The  belville  wash- 
er  96  bears  against  a  groove  97  in  the  inner 
surface  of  annular  wall  70. 

Four  adjusting  bolts  98  are  supported  in  radi- 
40  ally  extending  screw  threaded  bores  (not  shown)  in 

the  probe  68.  The  screws  98  bear  against  the  shaft 
62  and  enable  lateral  adjustment  of  the  shank  rela- 
tive  to  the  probe  68.  The  clamping  procedure  is  as 
described  in  the  first  embodiment. 

45  A  third  embodiment  of  the  present  invention 
will  now  be  described,  with  reference  to  Fig  4. 

Referring  now  to  Fig  4  a  probe  100  has,  at  its 
rear  face  a  shaft  102  into  which  a  retaining  pin  104 
is  embedded.  Both  the  shaft  102  and  the  pin  104 

so  lie  inside  the  retaining  bore  106  in  the  taper  shank 
108.  The  retaining  pin  104  is  sleeved  by  a  clamp- 
ing  element  in  the  form  of  a  cylindrical  collar  110; 
the  collar  110  sleeves  the  pin  104  sufficiently 
loosely  to  allow  relative  movement  of  the  pin  104 

55  and  collar  110  perpendicular  to  the  axis  D  of  shank 
108.  The  head  112  of  the  retaining  pin  104  bears 
against  the  collar  110  via  a  Belleville  washer  114. 
The  collar  110  has  a  conical  side  face  116  and  the 

3 
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largest  diameter  edge  of  the  collar  1  1  0  fits  closely 
into  bore  106.  The  entire  assembly  of  shaft  102, 
pin  104,  collar  110  and  washer  114  comprises  a 
projection  which  lies  inside  the  recess  (in  this  case, 
a  bore  1  06)  provided  in  the  shank  1  08. 

A  clamping  bolt  118  projects  into  the  retaining 
bore  106,  in  a  direction  radial  to  the  axis  D.  The 
end  face  of  the  clamping  bolt  118  is  conical,  and 
bears  against  the  concial  face  116  of  the  collar 
110.  Since  the  largest  diameter  of  the  collar  110  is 
adjacent  the  head  112  of  the  pin  104,  inward  radial 
movement  of  the  clamping  bolt  118  will  cause  the 
collar  110  to  move  away  from  the  body  of  the 
probe  100,  and  therefore  bear  (via  the  Belleville 
washer  114),  more  strongly  against  the  head  112  of 
the  pin  104.  Thus,  force  applied  to  the  collar  by 
inward  radial  movement  of  the  bolt  118,  produces  a 
resultant  clamping  force  which  clamps  the  taper 
shank  108  and  the  probe  100  together. 

Radial  adjustment  of  the  relative  alignment  of 
the  probe  100  and  taper  shank  108  is  accom- 
plished  by  means  of  four  adjusting  bolts  120,  each 
of  which  is  supported  in  the  body  of  the  taper 
shank  108  and  extends  radially  into  retaining  bore 
106  to  bear  against  the  shaft  102. 

A  coupling,  and  adjustment  operation  is  thus 
performed  as  follows:  the  clamping  bolt  118  is  first 
tightened  to  cause  the  probe  100  to  bear  against 
the  shank  108  with  sufficient  force  to  provide  fric- 
tion  against  relative  radial  movement  of  the  two 
parts.  The  relative  radial  positions  of  probe  100  and 
shank  108  are  then  adjusted  using  the  four  adjust- 
ing  bolts  120.  Once  this  has  been  completed,  the 
clamping  bolt  118  is  fully  tightened,  thus  drawing 
the  probe  100  more  firmly  against  the  shank  108, 
without  destroying  the  recently  adjusted  relative 
alignment  of  the  two  parts. 

A  fourth  embodiment  of  the  present  invention 
will  now  be  described  with  reference  to  Fig  5.  A 
probe  140  terminates  at  its  rear  end  in  an  annular 
lip  1  42.  A  clamping  pin  1  44,  having  a  head  1  46  and 
a  shaft  148  is  moveably  engaged  with  the  probe 
140  by  virtue  of  its  contact  between  the  head  146 
and  the  lip  1  42.  A  shank  1  50  has  a  annular  flange 
152  which  extends  into  a  hole  154  defined  by  the 
annular  lip  142.  The  flange  152  sleeves  the  shaft 
148  of  the  pin  144,  which  extends  into  a  bore  156 
in  the  shank  150.  The  shaft  148  has  two  mutually 
convergent  frusto-conical  faces  158,  and  a  pair  of 
clamping  bolts  160,  provided  in  diametrically  ex- 
tending  bores  162  each  have  a  conical  face  164, 
which  bears  against  the  frusto-conical  surface  re- 
mote  from  the  probe  140.  Inward  radial  movement 
of  one,  or  both  the  clamping  bolts  160  will  result  in 
a  force  on  the  shaft  148  in  an  axial  direction, 
causing  the  head  146  of  the  pin  144  to  bear 
against  the  annular  lip  1  42,  and  urge  the  probe  1  40 
and  the  shank  150  together.  Four  radially  extend- 

ing,  and  equispaced  adjusting  bolts  166  extend  in 
the  annular  lip  1  42,  and  bear  aginst  the  flange  1  52 
of  the  shank  1  50,  which  thus  provides  a  fixed  shaft 
against  which  the  adjusting  bolts  may  bear.  The 

s  method  of  adjustment  using  this  embodiment  of  the 
present  invention  is  as  described  for  the  previous 
embodiments. 

As  stated  earlier,  the  provision  of  three  or  more 
adjusting  screws  prevents  relative  movement  of  the 

w  tool  and  the  shank  (radially  with  respect  to  each 
other)  when  the  tool  and  the  shank  are  being 
clamped  axially.  Moreover,  if  the  tool  is  to  be  used 
in  conjunction  with  a  tool  change  apparatus  which 
grasps  the  shank  to  remove  the  tool  from  a  maga- 

75  zine  and  insert  it  into  a  spindle,  then  the  continual 
jarring  of  the  tool  during  changing  may  cause  mis- 
alignment  between  the  tool  and  the  shank.  The 
provision  of  three  or  more  radially  extending  adjust- 
ing  screws  helps  to  reduce  this  undesirable  effect. 

20  It  is  not  essential  that  either  of  the  shafts  (i.e. 
the  fixed  shafts  provided  by  the  probe  and  shank 
as  appropriate,  and  the  moveable  shafts  provided 
by  the  clamping  pins)  be  cylindrical.  For  example, 
it  may  be  desirable  to  provide  square  shafts,  or 

25  triangular  shafts  (depending  upon  the  number  of 
adjusting,  and  clamping  bolts  employed). 

Typically,  the  touch  probe  illustrated  in  the 
embodiments  of  the  present  invention  will  be  a 
touch  trigger  probe  or  an  analogue  touch  probe.  In 

30  either  case,  the  stylus  of  the  probe  is  supported  on 
a  stylus  carrier,  which  is  usually  urged  into  a  rest 
position  with  respect  to  the  housing  of  the  probe  by 
a  spring.  The  force  required  to  displace  the  stylus 
from  the  said  rest  position  is  thus  dependent  di- 

35  rectly  upon  the  force  with  which  the  spring  urges 
the  stylus  carrier  into  its  rest  position.  It  is  ocas- 
sionally  desirable  to  adjust  the  spring  force.  How- 
ever  adjustment  of  the  spring  force  in  existing 
touch  probes  is  possible  only  by  disengaging  the 

40  probe  from  the  shank.  A  third  aspect  of  the  present 
invention  therefore  provides  means  for  adjusting 
the  spring  force  of  a  touch  probe  while  the  probe  is 
in  situ  (e.g.  connected  to  a  shank). 

According  to  a  third  aspect  of  the  present 
45  invention  there  is  provided  a  touch  probe  having: 

a  housing; 
a  stylus  carrier  supported  relative  to  the  housing  in 
a  rest  position; 
a  spring,  extending  in  a  first  direction  and  having 

so  one  end  bearing  against  the  stylus  carrier,  and 
another  end  bearing  against  an  abutment;  and 
means  actuabie  from  a  second  direction  lateral  to 
the  first  direction,  for  adjusting  the  position  of  the 
abutment  in  the  first  direction. 

55  Preferably,  the  aubtment  will  comprise  a 
clamping  shuttle  having  an  angled  surface,  so  that 
a  lateral  adjusting  force  applied  to  the  angled  sur- 
face  will  result  in  movement  of  the  clamping  shuttle 

4 
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Derpendicular  to  the  applied  force  thus  enabling 
adjustment  of  the  position  of  the  clamping  shuttle 
n  the  first  direction;  such  adjustment  will  cause  a 
:hange  in  the  degree  of  spring  deformation  and 
:hus  a  change  in  the  spring  force. 

The  adjusting  force  will  preferably  be  applied 
oy  a  screw,  having  an  angied  surface  at  its  bearing 
snd  for  bearing  against  the  angled  surface  of  the 
damping  shuttle. 

An  example  of  such  a  touch  probe  will  now  be 
described  with  further  reference  to  Fig  5. 

The  stylus  is  supported  in  probe  housing  141 
on  a  stylus  carrier  190,  comprising  a  base  200, 
supported  by  three  cylindrical  rollers  202  which 
sxtend  equidistant  to  each  other  and  radially  to  the 
axis  E.  When  the  stylus  carrier  is  in  its  rest  posi- 
tion,  each  of  the  rollers  202  seats  in  a  cleft  defined 
by  an  adjacent  pair  of  steel  balls  204  (of  which  only 
one  is  shown  since  the  figure  shows  the  stylus 
carrier  in  section).  This  kinematic  arrangement  is 
well-known,  e.g.  from  US  4,153,998,  and  therefore 
need  not  be  described  in  more  detail. 

The  stylus  carrier  is  urged  into  its  kinematic 
rest  position  by  a  spring  mechanism  206  compris- 
ing  a  spring  208  which  bears  against  the  base  200 
at  one  end  via  a  conical  member  210.  The  other 
end  of  the  spring  208  bears  against  an  abutment  in 
the  form  of  a  cylindrical  clamping  shuttle  212  which 
is  constrained  to  move  in  a  bore  214.  The  free  end 
of  the  clamping  shuttle  212  terminates  in  a  conical 
face  216.  A  radially  extending  bore  218  extends 
from  the  outer  surface  of  the  housing  to  the  bore 
214.  The  outer  part  of  the  radial  bore  218  has  a 
screw  threaded  part  220  in  which  a  radial  adjusting 
screw  222  sits.  The  adjusting  screw  222  has  at  its 
inner  end  in  a  conical  face  224,  which  bears 
against  the  conical  face  216  of  the  clamping  shuttle 
212.  Thus,  adjustment  of  the  radial  adjusting  screw 
222  causes  movement  of  the  clamping  shuttle  212 
along  the  bore  214,  causing  a  change  in  the  de- 
formation  of  the  spring  218  and  thereby  causing  a 
change  in  the  spring  force  which  urges  the  stylus 
carrier  into  its  kinematic  rest  position.  The  extent  of 
the  inward  radial  movement  of  the  radial  adjusting 
screw  222  is  constrained  by  the  countersunk  seat 
226. 

Claims 

1.  A  mechanism  for  clamping  a  tool 
(10;68;1  00:140)  and  a  shank  (12;60;108;150)  to- 
gether,  the  shank  having  an  axis  (A;D),  the  mecha- 
nism  comprising: 
clamping  means  having:  a)  means  (50;76;118;164) 
provided  on  one  of  the  tool  and  shank  for  applying 
a  force,  radial  with  respect  to  the  axis  of  the  shank, 
on  the  other  of  the  tool  and  shank; 

b)  means  (42,26;88,62;116,102;158,144)  provided 
on  the  other  of  the  tool  and  shank,  and  operable  by 
the  radial  force  for  producing  a  clamping  force 
parallel  to  the  axis  to  clamp  the  tool  and  shank 

5  together;  and 
adjusting  means  (18,54;62,98;102,120;152,166), 
distinct  from  the  clamping  means  provided  on  one 
of  the  tool  and  the  shank  for  aligning  the  two  parts 
relative  to  each  other  transverse  to  said  axis. 

10  2.  A  mechanism  according  to  claim  1  wherein 
the  adjsuting  means  comprises: 
a  first  shaft  (18;62;102;152)  fixedly  engaged  with 
one  of  the  tool  and  the  shank,  and  projecting  into 
the  other  of  the  tool  and  the  shank;  and 

rs  at  least  three  adjusting  bolts  (54;98;120;166),  sup- 
ported  by  the  other  of  the  tool  and  the  shank  for 
bearing  against  the  first  shaft. 

3.  A  mechanism  according  to  claim  2  wherein 
the  adjusting  bolts  are  equispaced,  and  extend 

20  radially  with  respect  to  the  axis  of  the  shank. 
4.  A  mechanism  according  to  claim  2  wherein 

the  adjusting  bolts  extend  substantially  perpendicu- 
lar  to  the  shaft. 

5.  A  mechanism  according  to  claim  4  wherein 
25  the  number  of  adjusting  bolts  is  four. 

6.  A  mechanism  according  to  claim  2  wherein 
the  clamping  means  comprises: 
a  clamping  element  (34;80;110)  supported  by  the 
first  shaft  for  movement  relative  to  the  first  shaft 

30  radially  with  respect  to  the  axis  of  the  shank,  the 
clamping  element  providing  a  clamping  surface 
(42;88;116)  inclined  to  the  axis  of  the  shank;  and 
at  least  one  clamping  bolt  (50;76;118)  supported  by 
the  other  of  the  tool  and  the  shank  and  extending 

35  substantially  radially  to  the  axis  of  the  shank,  for 
bearing  against  the  clamping  surface. 

7.  A  mechanim  according  to  claim  6,  wherein 
the  clamping  element  (110)  is  elastically  supported 
by  the  first  shaft  for  movement  parallel  to  the  axis 

40  of  the  shank. 
8.  A  mechanism  according  to  claim  5  wherein 

the  clamping  means  comprises 
a  second  shaft  (28;  148),  moveably  engaged  with 
one  of  the  tool  and  shank,  and  extending  into  the 

45  other  of  the  tool  and  the  shank,  the  second  shaft 
having  a  clamping  surface  (42;158)  inclined  to  the 
axis  of  the  shank;  and 
a  clamping  bolt  (150;160)  supported  by  the  other  of 
the  tool  and  the  shank  and  extending  substantially 

so  radially  to  the  axis  of  the  shank,  for  bearing  against 
the  clamping  surface. 

9.  A  mechanism  according  to  claim  8  wherein 
the  first  and  second  shafts  both  extend  into  the 
same  one  of  the  tool  and  the  shank. 

55 
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